When archaeological skeletons are assessed, the incidences of trauma are important. The number of fractures observed is interpreted in order to gain insight into the occurrence of interpersonal violence, workload, living conditions, etc. However, the question remains as to how these results should be interpreted -i.e., what constitutes high or low levels of trauma. The aim of this study was to investigate the occurrence of trauma in a population of modern Greeks living on Crete, as well as South African (SA) whites and blacks in the Pretoria Bone and Raymond Dart collections. The sample comprises mostly of older individuals (n = 90 -100 of each sex-population group). Each skeleton was studied for healed trauma. For the vertebrae only spondylolysis was assessed. In Greeks it was found that 42% of the males and 46% of females had at least one fracture, with corresponding figures of 63% and 44% for SA whites and 83% and 69% for SA blacks. Radius, rib and femur fractures were most common in Greeks, with skull, radius and ribs most common in SA whites and skull, ulna and ribs in SA blacks. These incidences of trauma are high, but the composition of the samples (mostly of lower socio-economic origin) should be kept in mind. It may also be questioned whether these individuals reflect the society as a whole. It seems that the fractures in Greeks are mostly related to old age due to falls and accidents (e.g., Colles and hip), while the SA black sample reflects high incidences of interpersonal violence (e.g., cranial vault and parry fractures). The SA white sample follows an in between pattern. These comparative figures may be useful when assessing trauma in other skeletal populations.
Introduction
Signs of injuries sustained during life are often preserved in the human skeleton after death. These traumatic lesions include healed and perimortem fractures, separation of cranial sutures, spondylolysis, dislocations, subluxations, avulsions and amputations DiMaio & DiMaio, 2001 ). The assessment of trauma is an integral part during an investigating of skeletal remains, be they of archaeological or forensic origin. In archaeological contexts, especially, the frequencies of various fractures are often used to gain information on the lifestyle and culture of the people represented by the remains (e.g., Grauer & Roberts, 1996; Stirland, 1996; Judd, 2004; Brickley, 2006 Trauma and fractures in populations can result from violent or accidental encounters with animals, other people or cultural hazards found at home or work (Merbs, 1989; Lovell, 1997; Neri & Lancellotti, 2004) . They can also be the result of therapeutic procedures, and bone may fracture due to an underlying disease such as malignancy or osteoporosis. The location, prevalence, shape, appearance, multiplicity, sequence and severity of trauma are influenced by intrinsic factors such as age and sex, as well as external factors such as culture and living conditions (Glencross & Stuart-Macadam, 2000; Lovell, 1997; Ortner, 2003 ; Spitz, 2006) . These factors all contribute to expose individuals to specific traumatic hazards during life. Therefore, the study of the prevalence and patterns of healed trauma within a population can help to reconstruct their occupational and environmental stresses. It can also give information as to their cultural behaviour, such as the level of medical care available, technology used (e.g., for transport, agricultural equipment), while cranial, forearm and rib fractures may indicate interpersonal violence within the population (Steinbock, 1976; Smith 1996; Jurmain & Bellifemine, 1997; Kilgore et al., 1997; Lovell, 1997; Standen & Arriaza; Jurmain 2001; Ortner, 2003; Brickley 2006) . Notwithstanding these limitations, the assessment of trauma within a population can still yield considerable information (Ortner, 2003) .
The prevalence of trauma in a population is difficult to assess and interpret, for several reasons. Firstly, limitations exist when dry bone is analyzed as skeletons are often poorly preserved, and fragmentation or incompleteness of skeletal remains may obscure diagnoses. Post depositional damage may also mimic healed trauma (Grauer & Roberts, 1996) . In addition, injuries sustained during childhood may have been completely remodelled at the time of death, especially if they occurred very early in life. , and trauma on the skeleton as a whole (Grauer & Roberts 1996; Stirland 1996; Whitting & Zernicke 1998 ; Galloway 1999; Van der Merwe et al n.d.) . Specific traumatic lesions linked to certain occupations have also been investigated (e.g., Gilgore et al 1997) . In all of these cases, however, the matter of interpretation remains difficult. For example, what actually comprises a high incidence of cranial trauma? When is the frequency of parry fractures high enough to suggest high levels of interpersonal violence?
In order to interpret data on trauma frequencies in past populations, more information on the occurrence of traumatic lesions in populations with different historical and cultural backgrounds is needed. The purpose of this study was therefore to describe the occurrence of trauma in three modern skeletal populations from different areas of the world, from different socio-economic backgrounds. Notwithstanding several limitations such as the differences in mean age between the populations and the question of how much they actually represent the living population, data can be obtained that will assist in the interpretation of traumatic lesions from other areas in the world. For the purpose of this study, remains of modern Greeks living on Crete, South African blacks and South African whites were studied.
Materials and methods
For the purpose of this study, it was attempted to obtain 100 males and 100 females from each of the three populations under study. All skeletons used are of known individuals, with sex and ancestry recorded. Age was recorded for most, but not all individuals. A relatively unknown skeletal collection of about 220 skeletons are housed in Heraklion, Crete. The study population derives from two cemeteries in Heraklion and consists of individuals that were born between 1867 and 1956, and had died between 1968 and 1998, thus all individuals had lived in the 20 th century. Some of these remains had soft tissue on them, resulting in the fact that for this study, only 99 males and 100 females could be included. Most individuals were of the middle to lower socio-economic class, and it can be assumed that many conducted at least a fair amount of manual labor. Witwatersrand. The skeletons within these collections were attained form various donors and hospitals (individuals that are unclaimed by relatives) for medical dissection training, after which they were macerated and placed into the bone collection for further research.
These remains mostly reflect people of lower socio-economic status, and all died of natural causes. The skeletons were randomly selected from the two collections, but an effort was made to ascertain that complete skeletons were used.
The age distribution of all individuals is shown in All skeletons were analyzed macroscopically for signs of healed trauma. No Xrays were taken. In each individual, a specific bone was scored as present or absent, and the presence of a fracture noted. Hand and foot bones as well as the sternum were excluded. For the vertebrae only spondylolysis was assessed, and for the crania only cranial vault fractures. Trauma to the crania also included healed sharp force trauma (e.g., Figure 1 ) and surgical procedures such as is seen in Figure 2 , which would most probably have been performed for a subdural haematoma. Most other trauma comprised simply of healed/partially healed fractures. In the case of the ribs it was sometimes difficult to be certain of a fracture (Jurmain, 1999; Brickley, 2006) , and a conservative approach of under-rather than over estimation was followed. A rib had to be more than 80%
(estimated) complete to be included, otherwise it was noted as absent. Some of the individuals had prostheses such as hip replacements, which may have been due to chronic degeneration or trauma. As it was not possible to determine the cause of the prosthesis, they were scored as fractures.
Male-female differences in each population were statistically tested by means of an Equality of Proportions test (for a 2-sample case) for each bone. Thereafter, only the most commonly fractured bones such as the skull, radius, ulna, femur and ribs were further analyzed. For each population, the left and right sided bones were combined, and the total frequency in a population compared to that in each other population, also by means of an Equality of Proportions test.
Results
The frequencies of trauma to each bone are shown in Tables 2 -4 for each of the populations. It was found that in the Greeks, 42 (42%) of the males and 47 (47%) of females had at least one fracture. The difference between the males and females is not statistically significant (z=-0.64769; Equality of Proportions test). Of these, 23 (55%) of males and 30 (64%) of females had more than one fracture. The maximum number of fractures observed in a male was six, which included rib fractures, while the maximum number of fractures in a female was 10 (including rib fractures, found in two individuals).
Multiple trauma was therefore common.
Cranial trauma was observed in one individual only, and no mandibles were affected ( Table 2) . Fractures of the proximal femur (6% of all femora) and distal radius (Colles fractures, 6% of all radii) were the most prevalent in the sample, with the females having been affected more than the males. Females had a larger number of fractures of the left radius (p < 0.05) and right femur (p < 0.1), but when both sides were combined no significant differences between the occurrence of fractures between males and females was found.
Fractures of the ulna were not often recorded, but it is well known that Colle's fractures may occur without involvement of the ulna. One of the males and two of the females had bilateral radial fractures. Only one scapular fracture was noted, and fractures of the clavicles, tibiae and os coxae, although present, were also not common.
As far as rib fractures are concerned, 4% of all ribs studied in this population were fractured. This affected 29% of the 97 males who had ribs, and 31% of the 88 females with ribs. More than 3% of all ribs observed were thus fractured, involving 28 of the males and 27 of the females. Taking into account that 127 fractured ribs were found, it is clear that several individuals had more than one rib fracture.
Spondylolysis of lumbar vertebrae were found in 1.4% of all lumbar vertebrae, and occurred more in males (although not significantly so).
In the South African white group, 61% of males and 41% of females had at least one fracture. The difference between the White males and females is statistically significant (z= 2.828993; p<0.01). Of the individuals with trauma, 43 (70.5%) of the males had more than one fracture, and 27 (65.9%) of the females. The maximum number of fractures in both males and females were 12. Individuals with multiple fractures usually had several healed rib fractures, which were very common 6.3% of left sided ribs and 4.6 of right sided ribs.
Cranial fractures were fairly common, and occurred in 8.1% of males and 3.3%
females, a total of 5.8% (Table 3) . Four individuals had mandibular trauma. Aside from the cranium and ribs, the most commonly fractured bone in females was the right radius (8.1%) followed by the femur (5% left, 4% right). In the white male population, the right clavicle was the most common long bone fractured (7.4%) followed by the right radius (6.2%).
Spondylolysis was rare, and only seen in the males. Three females had hip replacements and one female and one male a knee replacement. Four males had various other orthopedic devices (pins and metal plates) and another four had surgical trauma on their crania.
In the South African black group, 77% of the males and 69% of females had fractures (z=1.274183; not significant). More than one fracture occurred in 79.2% of the males who had fractures, and 69.6% of the females and the maximum number of fractures in a male was14, and in a female 11. Once again rib fractures were very common, occurring in 9.5% of left ribs and 7.1% of right ribs (Table 4) .
Cranial fractures were frequently observed, and occurred in 15% of males and 20% of females (difference not statistically significant). In both males and females 2% of mandibles showed healed trauma. Aside from cranial and rib fractures, the most commonly involved bones in males were the left ulna (14%) and left fibula (9%), while in females both ulnae (left 14% and right 12%), the left radius (8%) and fibulae (6-7%)
were most frequently broken. None of the individuals had spondylolysis.
Only one black female had signs of surgical procedures (pins in a left radius), while four black males had screws and plates in various long bones, and only one black male had surgery on his cranium.
When the incidences of trauma between the three populations are compared (Table 5) , some interesting patterns emerge. Cranial trauma is the most common in SA blacks (17%), followed by the SA whites (6%) and then the Cretans (0.5%). Differences between all groups were statistically significant. The SA black group also has the most ulna (parry) fractures (11.2%), with frequencies of just more than 1% in the other two groups. Rib fractures are also the most common in SA blacks (8.3% of all ribs), followed by SA whites (5.5%) and Cretans (3.7%). Femur fractures are the most common in the older Cretes (6.4%), followed by the SA whites (3.3%) and SA blacks (1%). Radial fractures are common in all populations, but are also most common in the Cretans (6.2%), with similar frequencies of 4.6% in the other two groups. Clavicular fractures were fairly common in all groups, with scapular, humeral, tibial and os coxal fractures being the least common. Spondylolysis was rare, and did not occur in SA blacks at all.
Discussion
Interpretation of trauma frequencies is difficult, and the question of how much any skeletal population reflects its source population can rightly be asked (Komar & Grivas, 2008) . This is even more so in the case of individuals in a modern skeletal collection, which is a highly selected group and could most probably be regarded as mostly reflecting the lower socio-economic group. The age composition of the sample also plays a role, and in this case most probably also reflects something of the life incidences of 30% in a pre-historic Chilean population, while according to Stirland (1996) about one third of people in Medieval Norwich, had fractures. These comparisons are, however, difficult because these studies assessed different cultural and socioeconomic groups, as well as different types of fractures.
The high incidence of trauma in the Crete sample can probably be ascribed to the fact that the sample population was mostly of advanced age of often osteoporotic individuals, making falls and accidents more likely. This is reflected in the patterns of fractures, with many radius, femur head and rib fractures, and only one cranial fracture.
The younger South African black sample reflects a high incidence of intrapersonal violence, with many cranial and parry fractures. Many individuals also had rib fractures and fibula fractures. It is interesting to note that the highest incidence of cranial fractures is in the black female sample with 19% of individuals affected, which may also reflect domestic violence. The South Africa white sample follows an in-between pattern with many fractures that could possibly be associated with older individuals with osteoporosis (femur and radius), but also a relatively high number of individuals with cranial fractures. High incidences of right clavicular and lower leg fractures in the males may be associated with strenuous sports (e.g., rugby which is very popular among this group).
According to Black & Cooper (2000) , Colle's fractures are the most frequent osteoporotic fractures in the first two or three decades after menopause, until old age (more than 75 years old), when femur fractures are more common. In this study the occurrence of fractures in these two bones is about even (both around 6% of all femora and radii), probably reflecting the fact that many of the individuals in this sample were quite old. The mean age of the individuals with radius fractures was 83.6 for females (8 with known ages) and 63.75 for males (only 4 with known ages); in comparison with 75.9
for females (8 with known ages) and 68.8 for males (6 with known ages) for femur fractures. Thus in females radius fractures were more common in older ages, and in males femur fractures were more common in older people.
Although not necessarily statistically significant, both femur and radius fractures are more common in females in the two older samples (Crete and SA white). This most probably reflects the increased likelihood of females to suffer from osteoporosis, or other problems associated with age and bone degeneration.
According to Mays (2006) Colle's fractures is fairly regularly noted in large skeletal series, with a crude prevalence of about 1% or less which is considerably less than what was found in this study. This is most probably due to the inherent characteristics of the study population. Apparently about 30% of Colle's fractures can lead to long term disabilities, which would have had a significant impact in the populations under study (O'Neill et al 2001) .
In the study by Mays (2006) It can be assumed that the individuals suffered from severe impairment afterwards, and that great care was taken by relatives to look after the affected people such that they had survived for a long time after the injury so that healing (although not union) could take place.
In the well-known paper on the osteological paradox (Wood et al, 1992) , the question was asked as to whether signs of disease (and thus also trauma) in a skeletal population actually reflects the hazards people were exposed to. The major issue here is that individuals who die with signs of disease (or maybe also of trauma) on their skeletons would have been those who had lived long enough to develop skeletal lesions.
In the skeletons under study here, it is significant to note that the group with the highest incidence of trauma (the SA black group) also had the youngest mean age. This may indicate that the higher exposure to traumatic incidents may eventually also lead to an increased risk to die younger, but remains difficult to interpret.
In conclusion it seems that modern living poses several hazards, such that trauma frequencies are higher in the modern populations recorded here than in many archaeological populations. It seems that more than 50% of people to survive into old age will have healed antemortem fractures. Trauma patterns related to old age and Osteoporosis International 12:555-558. Table 2 : Trauma frequencies in the Crete sample (n=199). Z-score refers to the Equality of Proportions test (for a 2-sample case) to test for significant differences between the sexes. Npr = number of bones that were assessed; Naff = number of bones with fractures Bone Both sexes Males Females Z-score Npr Naff % Npr Naff % Npr Naff % 
